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[57] ABSTRACT 

An image density control method for an eleetrophoto 
graphic apparatus is disclosed which prepares a white 
pattern region and a black pattern region on av photo 
conductive element whose electrostatic latent images 
are far different from each other in potential. Values 
relating to image densities individually associated with 
the two pattern regions are sensed and, based on the 
sensed values, parameters relating to image processing 
which effect image density are controlled. When any of 
the sensed values does not lie in a predetermined range, 
it is suitably compensated. 
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IMAGE DENSITY CONTROL METHOD 

BACKGROUND OF THE INVENTION 

The present invention relates to an image density 
control method for an electrophotographic apparatus 
and, more particularly, to an image density control 
method which forms at least two test patterns on the 
surface of a photoconductive element which differ a 
great deal in latent image potential from each other, 
senses values relating to image densities of the patterns 
or of copy images associated with the patterns, and, 
based on the sensed values, controls some parameters 
relating to image processing which have in?uence on 
image density. 

In an apparatus for electrophotography or electro 
static recording, a latent image electrostatically formed 
on a photoconductive element by a given method is 
generally developed by a developer which is supplied 
from a developing unit and contains microscopic col 
ored particles called “toner‘. Usually, a toner is charged 
to a polarity opposite to that of the latent image and 
electrostatically deposited on the latent image to turn it 
into a toner image. Because the toner itself is consumed 
by the development, it is necessary to maintain the toner 
concentration in the developer constant or to make the 
toner supply to the developing unit constant in quantity. 
This demand may be implemented by measuring a toner 
concentration in the developer, a density of the image 
developed by the toner, or their associated values, and, 
when the density is short, supplying the toner to the 
developing unit or controlling various parameters 
which effect the density. 
The control of the type described above is disclosed 

in, for example, Japanese Patent Publication Nos. 
43-16199/1968 and 47-18600/ 1972, Japanese Patent 
Laid Open Publication Nos. 53-12336/ 1978, 
53-90940/1978, 53-92138/ 1978, 53-95042/1978, 
53-95043/1978, 53-95044/ 1978, 53-106129/ 1978, 
54-97038/1979 and 54-97044/1979, and U.S. Pat. No. 
2,956,487. 

In regard to such a control, Japanese Patent Applica 
tion 56-80309 teaches a toner density control method 
which senses densities of developed images representa 
tive of white and black test patterns respectively, and 
supplying a toner to a developing unit in such a manner 
as to maintain the ratio between the sensed values con 
stant. Further, Japanese Patent Application No. 
56-184289/1981 discloses an image density control 
method including a pattern read control which facili 
tates the control over the timings for detecting white 
and black patterns. 

In the above-stated Japanese Patent Application No. 
56-184289/ 1981, for example, after an area of a photo 
conductive element exposed to a white pattern is devel 
oped, a light emitting diode (LED) of a density sensor is 
so controlled as to emit a quantity of light which gives 
a predetermined signal level indicative of a density of 
the white pattern, e. g. 4.0 V. Meanwhile, after an area 
of the photoconductor exposed to a black pattern is 
developed, the toner is supplied to a developing unit 
only when a signal level indicative of a density of the 
black pattern increases beyond a reference voltage, e.g. 
1.6 V. Naturally, such reference voltages are not restric 
tive and may be replaced by others. In detail, if settings 
for energizing a density sensor is inadequate or settings 
or adjustment of an analog circuit for processing output 
signals of the sensor is inadequate, the sensor output 
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2 
level tends to shift to a higher side or to a lower side. 
For example, where the LED of the sensor is condi 
tioned to emit a quantity of light somewhat higher than 
a reference value, an excessive amount of toner will be 
supplied resulting in scattering of the toner or like 00 
currence. Conversely, where the quantity of light ema 
nating from the LED is somewhat smaller than the 
reference value, a carrier will be scattered due to short 
toner supply. Such occurrences are observed not only 
when the circuit setting or adjustment is improper but 
also when the patterns themselves are incomplete or the 
sensor is contaminated, for example. 
Assume that the LED is connected to a 5 V voltage 

source, the resistance of a resistor connected in series to 
the LED is predetermined such that the quantity of 
light output from the LED is adjustable to make the 
re?ection voltage from the background (corresponding 
to a white pattern sensed level) 4.0 V, and a toner is to 
be supplied when the re?ection potential of the pattern 
portion is not lower than 1.6 V (corresponding to a 
black pattern sensed level). When the resistance of the 
resistor connected with the LED is lowered to increase 
the light emission by 20%, the re?ection voltage from 
the background (white pattern) becomes 4.8 V and the 
toner supply threshold voltage for the pattern area 
(black pattern) becomes 1.92 V. Nevertheless, the den 
sity control will occur in the proper manner inasmuch 
as there still holds the proportional relation 
1.6/4: l.92/4.8=0.4. 
However, when the resistance of the resistor con 

nected to the LED is further lowered to increase the 
light emission by 40%, the reflection voltage in the 
background does not reach 5.6 V but becomes (source 
voltage-saturation voltage of phototransistor). That is, 
assuming that the saturation voltage is 0.2 V, the re?ec 
tion voltage in the background does not increase be 
yond 4.8 V and, instead, only the reflection voltage in 
the pattern area increases by 40%. Therefore, while the 
toner supply threshold voltage necessary for proper 
density control is 5.6X0.4=2.24 V, the actual voltage 
becomes 4.8><0.4= 1.92 V and the toner supply begins 
in response to such a voltage. As a result, the toner 
density is controlled to a value higher than the predeter 
mined desired density, which would not only increase 
the image density but also bring about problems such as 
fogging and scattering of the toner. 
The controlling problems have been described taking 

for example a prior art method which focuses white and 
black patterns to a photoconductive element, senses 
densities of their toner images after development by 
means of a photosensor, and controls the toner supply 
based on a ratio between the sensed densities. However, 
other modes of image density control suffer from the 
same problems such as erroneous settings or adjust 
ments of the sensor operation level, shifts of the sensing 
level due to contamination of the sensor, and defects in 
the patterns themselves, that is, unusual operations in 
the control of various parameters associated with a 
density control in unexpected situations. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an image density control method which elimi 
nates the problems inherent in the prior art methods as 
described above, that is, precludes failures in image 
density control due to errors in machine settings and 
adjustments as well as to subsequent changes in state. 
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It is another object of the present invention to pro 
vide a generally improved image density control 
method. 
A method of controlling a density of an image formed 

by developing an electrostatic lantet image on a photo 
conductive element by means of a toner of the present 
invention comprises the steps of providing at least two 
regions for independent test patterns which are differ 
ent from each other as latent images electrostatically 
formed on a photoconductive element, sensing a value 
relating to an image density in each of the two pattern 
regions, compensating the sensed value relating to the 
image density when the value is out of a predetermined 
range, and controlling an image density parameter relat 
ing to image processing which has influence on image 
density, in response to the values relating to the image 
densities which are representative of the two pattern 
areas regions respectively. 

In accordance with the present invention, an image 
density control method for an electrophotographic 
apparatus is disclosed which prepares a white pattern 
region and a black pattern region on a photoconductive 
element whose electrostatic latent images are far differ 
ent from each other in potential. Values relating to 
image densities individually associated with the two 
pattern regions are sensed and, based on the sensed 
values, parameters relating to image processing which 
effect image density are controlled. When any one of 
the sensed values does not lie in a predetermined range, 
it is suitably compensated. 
The above and other objects, features and advantages 

of the present invention will become apparent from the 
following detailed description taken with the accompa 
nying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of an electrophotographic 
copier to which an image density control method of the 
present invention is applicable, particularly its construc 
tion relating to a toner density control; 
FIG. 2 is a circuit diagram showing electric connec 

tions between a microprocessor and an analog-to-digital 
converter shown in FIG. 1; 
FIG. 3 is a block diagram showing details of the 

analog-to-digital converter of FIG. 2; 
FIG. 4 is a flowchart demonstrating a constant quan 

tity toner supply control and a toner density control; 
FIG. 5a is a ?owchart demonstrating an interrupt 

processing performed by a microprocessor; 
FIG. 5b is a flowchart demonstrating a main ?ow 

assigned to the microprocessor; and 
FIG. 6 is a graph showing a relationship between an 

output voltage of a photosensor and a toner density. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

While the image density control method of the pres 
ent invention is susceptible of numerous physical em 
bodiment, depending upon the environment and re 
quirements of use, a substantial number of the herein 
shown and described embodiment have been made, 
tested and used, and all have performed in an eminently 
satisfactory manner. 

Referring to FIG. 1 of the drawings, a copying ma 
chine to which the method of the present invention is 
applicable is shown. Image light representative of an 
original document (not shown) laid on a glass platen 10 
is focused to a surface ofa photoconductive drum 12 by 
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4 
a ?rst mirror 14, a second mirror 16, an in~mirror lens 18 
and a third mirror 20. Timed to the counterclockwise 
rotation of the drum 12 as indicated by an arrow, the 
?rst and second mirrors 14 and 16 are driven to the left 
in the drawing with a predetermined velocity ratio. A 
latent image of the document formed electrostatically 
on the drum 12 is developed by a developer which is 
supplied by a developing roller 22 from a developing 
unit 24. The toner image carried on the drum 12 is 
transferred therefrom to a sheet of paper (not shown) by 
a transfer charger 26. The paper is fed from the transfer 
station to a ?xing unit (not shown) by a separator belt 
28. 
A white test pattern WP is positioned in a range in 

which the ?rst mirror 14 scans the document at a home 
position thereof, and a black test pattern HP to the left 
of the white pattern WP. As the ?rst mirror 14 is driven 
to the left for scanning the document on the platen 10, 
latent images of the white pattern WP and black pattern 
BP are sequentially formed on the surface of the drum 
12. A photosensor 30 is interposed between the devel 
oping unit 24 and the transfer charger 26 in order to 
sense toner densities on the drum surface. The output of 
the photosensor 30 is ampli?ed and shaped by an ampli 
?er 32, converted into a digital signal by an analog-to 
digital converter (ADC) 34, and then applied to a mi 
croprocessor 36. The microprocessor 36 calculates a 
density ratio between the toner images representative of 
the white and black test patterns WP and BP respec 
tively, and thereby a quantity of toner to be supplied. 
For a period of time corresponding to the calculated 
toner supply, the microprocessor 36 delivers a solenoid 
on command to a solenoid driver 38. While the sole 
noid-on command is present, the solenoid driver 38 
continuously energizes a clutch solenoid 40. On the 
energization of the clutch solenoid 40, a toner supply 
roller 42 is coupled to a drive system associated with the 
drum 12 and rotated thereby to supply the toner from a 
hopper 44 to the developing roller 22. 
The copier shown in FIG. 1 further comprises a main 

charger 46 for depositing a uniform electrostatic charge 
on the surface of the drum 12, an erase lamp 48 for 
expelling the charge out of the areas just before the 
leading edge of an image and just after the trailing edge 
of the same as well as the areas outside a sheet size, and 
a power source 52 for supplying a bias voltage for de 
velopment. In this particular embodiment, while the 
microprocessor 36 serves to supply a quantity of toner 
which corresponds to sensed toner densities, a second 
microprocessor 50 serves to supply a quantity of toner 
corresponding to a copy size every time a copy is pro 
duced. Therefore, the microprocessor 36 makes up for a 
shortage entailed by the constant quantity supply. 

Referring to FIG. 2, details of electric connection of 
the microprocessor 36 are shown. The photosensor 30 is 
made up of a light emitting diode (LED) 54 and a pho 
totransistor 56. Light issuing from the LED 54 is re 
flected by the drum 12 toward the phototransistor 56. 
The emitter voltage of the phototransistor 56 is applied 
directly to an input channel A1 of the ADC 34 (eg. 
FUJITSU MB 4052) and, via dividing terminals EX; 
and EX‘, to an input channel A0. A digital data (serial) 
output terminal DATA OUT of the ADC 34 is con 
nected to an interrupt terminal T1 ofthe microprocessor 
36, and control input terminals (A/D, CLK, E Co and 
RS) to output ports P24—P27. 
The internal structure of the ADC 34 is shown in 

FIG. 3. The ADC 34 is capable of performing 8-bit 



4,539,279 
A/D conversion to select a Vcc/ 2 or Vcc/ 8 input volt 
age range by range selection and to expand the range by 
four stages by range expansion. Preliminary experi> 
ments provided the following numerical values. 
Assume that the toner density sensing level VWP in an 

area of the drum 12 corresponding to the white pattern 
WP (background level) is 

V W: 4.0 v 

Then, a proper (normal) range of the density level VWP 
is 

“A”, which will be described, represents data associ 
ated with “2.5 V”, and “B”, “4.8 V”. 
Meanwhile, assuming that the toner density sensing 

level VBP in an area of the drum corresponding to the 
black pattern BP (black level) is 

Then, a proper (normal) range of the density level VBP 
is 

“C”, which will be described, represents data associated 
with “0.5 V”, and “D”, “2.3 V”. 

Based on the above data, use is made of a measure 
ment range 

for the background level VWp, and a measurement 
range 

for the black level VBP, each employing range expan 
slon. 

Because the emitter of the phototransistor 56 is con 
nected to EX; of the ADC 34 while EX1 is connected to 
the input channel A0, the range is expanded by four 
times in the A/D conversion which designates the input 
channel A0, as produced by 2.5/(7.5+2.5)=%. For this 
reason, the input channel A0 is allocated for the detec 
tion of the background level VWP. Also, because the 
emitter of the phototransistor 56 is directly connected 
to the input channel A1, the input channel A1 is allo 
cated for the detection of the black level V Bp. It follows 
that a product of the A/D converted version of VWp 
and “4” and the A/D converted version of V 3p lie in a 
common range. That is, the digital outputs n and input 
voltages are related as follows: 

For example, where the background level VWp(n) is 
103, 

Vwp(analog)=62+ 102><39.l26 mV=3.991 v 

and where the black level VBp(n) is 163, 
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6 
In FIG. 2, the solenoid driver 38 (FIG. 1) comprises 

a switching transistor 58 whose base is connected to an 
output port P20 of the microprocessor 36. Connected to 
the collector of the transistor 58 is the clutch solenoid 
40. When the output port P20 is made logical “1” level, 
the transistor 58 is rendered conductive to cause a cur 
rent to flow through the clutch solenoid 40 thereby 
coupling the toner supply roller 42 (FIG. 1) to the drive 
mechanism for rotation. A transistor 60 is connected to 
the clutch solenoid 40 in order to supply the toner by a 
quantity which matches with a speci?c copy size, every 
time a copy is produced. Thus, the toner will also be 
supplied when the transistor 60 is turned on. 
The transistor 60 is on-off controlled by the copy 

control microprocessor 56. While at least one of the 
transistors 58 and 60 is turned on, that is, during a toner 
supply, an LED 62 connected to one end of the solenoid 
60 is turned on to display the toner supply. A transistor - 
64 is connected at its base to an output port P21 of the 
microprocessor 36. A monitor LED 66 is connected to 
the transistor 64. The microprocessor 36 turns on the 
transistor 64 to energize the LED 66 at the start of A/D 
conversion, and turns off the transistor 64 to deenergize 
the LED 66 after a predetermined procedure for setting 
a toner supply quantity. 
An interrupt terminal INT of the microprocessor 36 

receives from the microprocessor 50 a toner density 
control command signal which is a train of pulses ap 
pearing one for each ten copies while the copier is pow 
ered. An interrupt terminal T0, on the other hand, re 
ceives a train of drum rotation sync pulses which appear 
one for every predetermined small angular movement 
of the drum 12. As will be described, the microproces 
sor 36 controls toner supply by counting the drum rota 
tion sync pulses. A connector 68 is connected to output 
ports P14-P16 and PIG-P13 of the microprocessor 36. 
In the event of maintenance of the copier, for example, 
a monitor unit 70 may be connected to the connector 68. 
The monitor unit 70 comprises character displays 72, 

74 and 76 for showing a sensed white pattern toner 
density level VWp, character displays 78, 80 and 82 for 
showing a sensed black pattern toner density level V pp, 
character displays 84 and 86 for showing a density ratio 
VWP/VBP, segment drivers 88, 90, 92, 94, 96, 98 and 
100, and digit drivers 102, 104, 106, 108, 110, 112, 114 
and 116, and decoders 118 and 120. When the monitor 
unit 70 is plugged into the connector 68, instantaneous 
data VWp, VBpand VWp/V 19p will be displayed thereon. 
Designated by the reference numeral 122 in FIG. 2 is a 
toner density control command switch which will start 
a toner density control when closed a moment for ser 
vices. 

Referring to FIG. 4, part of a copy control ?ow 
performed by the microprocessor 50 is outlined giving 
major consideration to the constant quantity toner sup 
ply. As soon-as various sections of the copier become 
ready for a copying operation, the microprocessor 50 
awaits closing of a print switch (copy command) after 
loading “1” in a copy counter (program counter), 
which is adapted for a toner density control command 
timing. On the closing of the print switch, the micro 
processor 50 energizes the charger 46, starts an imaging 
operation, and begins to count drum rotation sync 
pulses. As the white pattern WP projected by the ?rst 
mirror 14 onto the drum 12 reaches the photosensor 30, . 
the microprocessor 50 supplies a toner density control 
command signal (start pulse) to the interrupt terminal 
INT of the microprocessor 36. While the count of the 
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copy counter is in the range of “l” to “10”, no start 
pulse is supplied and the erase lamp 48 is energized to 
dissipate the charge down to the black pattern BP. 
Thereafter, the copy control is continued. 
When one copying cycle is completed, the micro~ 

processor 50 loads a toner supply counter (program 
counter) with sheet size data (toner supply time period 
matched to a sheet size; number of drum rotation sync 
pulses), turns on the transistor 60 (FIG. 2), and then 
decrements the toner supply counter in response to 
every drum rotation sync pulse. On the decrement of 
the toner supply counter to “0”, the microprocessor 50 
turns off the transistor 60. This is followed by incre 
menting the copy counter by “1”. Then, the micro 
processor 50 starts another copying cycle if the preset 
mode is the continuous or repeat mode, while awaiting 
closing of the print switch if it is the single copy mode. 
Every time the copy counter reaches “11”, the micro 
processor 50 resets it to “l”. The microprocessor 50 
causes the microprocessor 36 to perform the toner den 
sity control only, when the count of the copy counter is 
6‘1”. Hence, the toner density control occurs once for 
ten copies while the copier is in operation. 

Hereinafter will be described the toner density con 
trol performed by the microprocessor 36. In response to 
a toner density control command pulse (start pulse) 
supplied from the microprocessor 50 to the interrupt 
input INT, the microprocessor 36 performs on an inter 
rupt control basis the detection of toner densities on the 
drum 12 representative of the white and black patterns 
WP and BP respectively, comparison of actual toner 
densities with predetermined proper range data, and 
setting of a quantity of toner supply based on the de 
tected values when they individually lie in the proper 
ranges. The control over the predetermined quantity of 
toner supply and the control over the activation of the 
displays 72, 74, 76, 78, 80, 82, 84 and 86 occur as speci 
?ed by the main routine. 

Referring to FIG. 5a which is a flow-chart represent 
ing the interrupt control, the microprocessor 36 sets 
logical “l” at its output port P21 when the interrupt 
terminal INT turns from logical “l” to logical “0”. This 
energizes the monitor LED 66 while loading a monitor 
counter (program counter) with “16”. Then, the micro 
processor 36 sets logical “O” at the output ports 
P10~P13 and P14~P16 to erase data on the displays 72, 
74, 76, 78, 80, 82, 84 and 86, and designates the input 
channel A0 of the ADC 34. In this condition, the micro 
processor 36 delivers a data conversion timing pulse 
(A/D CLK) to the ADC 34 so as to read the digital data 
(8 bits) serially at its port T1. The incoming digital data 
are added to data stored in an A/D data register. After 
repeating the A/D conversion and data addition proce 
dure “2"” times, the microprocessor 36 shifts the con 
tent of the A/ D conversion data register by “n” bits to 
lower digits, so that the content of the A/D register 
represents a mean value of data provided by the 
“2””A/D conversions. 
As previously described, the toner density control 

command pulse (start pulse) to the interrupt terminal 
INT of the microprocessor 36 appears timed to the 
arrival of the toner image of the white pattern WP at 
the sensor 30. Therefore, the aforementioned A/D con 
verted data designated by the input channel A0 indicates 
a toner density (VWP) Of the white level. The micro 
processor 36 stores in a VWp register the mean value of 
white level tone densities VWp. Comparing the stored 
mean value with proper range data A and B (A corre 
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8 
sponding to 2.5 V and B to 4.8 V), the microprocessor 
36 resets an error counter if A<VWP<B determining 
that the density level is proper, thereafter advancing to 
the detection of a change to the black pattern. If not 
A<V Wp< B, on the other hand, the microprocessor 36 
turns on an alarm lamp determining that the density 
level is improper, and then returns to a failure process 
ing flow of the main routine while stopping the opera 
tion of the copier. Therefore, no toner supply setting is 
performed. 

If A<VWP<B (if proper), the microprocessor 36 
loads a read counter (program counter) with a serial 
count In in order to detect the border between the toner 
image of the white‘ pattern WP and that of the black 
pattern BP, followed by A/ D conversion in the manner 
described. As previously stated, the voltage representa 
tive of a sensed voltage is directly applied to the input 
channel A1 (without being divided); the maximum value 
of the input analog voltage control is 2.5 V; the toner 
density detection voltage (analog) associated with the 
white pattern is not lower than 2.5 V; and that the toner 
density detection voltage associated with the black 
pattern is less than 2.5 V. For these reasons, whether the 
pattern is white or black is represented by whether the 
voltage at the input channel A1 is not lower than 2.5 V 
(2.5 V at full-scale and, therefore, digital data being 2.5 
V if not smaller than 2.5 V). 
When the digital data indicates 2.5 V, the micro 

processor 36 increments the error counter to perform 
another A/D conversion determining that the sensor 30 
is still sensing the white pattern. This counter increment 
and A/D conversion procedure is repeated. As the 
A/ D conversion data comes to indicate a voltage lower 
than 2.5 V before the error counter reaches a predeter 
mined value, the read counter is decremented by “l” 
and another A/D conversion is effected. If the data 
after the continuous “m" times of A/D conversion is 
lower than 2.5 V (as the read counter reaches “O”), the 
microprocessor 36 subjects the voltage at the input 
channel A1 of the ADC 34 to “2"” times of A/D con 
version and stores the result in an A/ D conversion data 
register, determining that the toner image of the black 
pattern exists in the sensing range of the sensor 30. 
When the error counter has been incremented to a 

predetermined count (when data has failed to become 
lower than 2.5 V during a predetermined number of 
times of A/D conversion), the microprocessor 36 re 
gards the situation unusual (the black pattern has not 
been detected at the expected timing) and, thereby, 
energizes the alarm lamp, returns to the failure process 
ing flow of the main routine, and deactivates the copier. 
When the data shows 2.5 V even once during the re 
peated “m- 1" times of A/D conversion after the A/D 
conversion data has once indicated a voltage lower than 
2.5 V, “m” is loaded again in the read counter and A/D 
conversion is repeated until the voltage continuously 
remains lower than 2.5 V in another “m" times of A/D 
conversion. 

After “2"” times of A/D conversion and data total 
ization, the microprocessor 36 shifts the content of the 
A/D data register “n” bits toward lower digits causing 
the A/D data register to represent a mean value of the 
detected input voltages VBP. At this state of operation, 
VWP indicates a value i the mean value of “n” times of 
sampling of the white level, while Vgpindicates a mean 
value of “n" times of sampling of the black level. 
The microprocessor 36 now compares the sensed 

density level Vgp with the proper range data C and D 








